Wheat bran and psyllium diets: effects on N-methylnitrosourea-induced mammary tumorigenesis in F344 rats.
Experimental and epidemiologic evidence suggests that increased dietary fiber is associated with decreased breast cancer risk. Little is known about the role played by different types of fiber and, particularly, mixtures of soluble and insoluble fibers similar to those consumed by human populations in reducing breast cancer risk. High intake of fiber may suppress bacterial hydrolysis of biliary estrogen conjugates to free (absorbable) estrogens in the colon and thus may decrease the availability of circulating estrogens necessary for the development and growth of breast cancers. The purpose of this study was to evaluate the effect of wheat bran (an insoluble fiber) and psyllium (a soluble fiber) alone and in combination on overall estrogen status, on fecal bacterial beta-D-glucuronidase (a key diet-responsive estrogen-deconjugating enzyme) activity, and on the induction of mammary tumors in rats treated with N-methylnitrosourea (MNU). One hundred fifty virgin female F344 rats were fed the NIH-07 diet from 28 days of age until 50 days of age; they were then given a single dose (40 mg/kg of body weight) of MNU by tail vein injection. Three days later, they were randomly assigned to one of five experimental dietary groups (30 animals per group). Soft, white wheat bran (45% dietary fiber content) and psyllium (80% dietary fiber content) were added to a modified (high-fat) American Institute of Nutrition (AIN)-76A diet at the following percents, respectively: 12% + 0% (group 1), 8% + 2% (group 2), 6% + 3% (group 3), 4% + 4% (group 4), and 0% + 6% (group 5). Blood, urine, and feces were collected and analyzed by radioimmunoassay techniques for estrogens. Cecal contents were analyzed for bacterial beta-D-glucuronidase activity. After 19 weeks on the experimental diets, the rats were killed, and mammary tumors were counted and classified by histologic type. Cumulative tumor incidence was evaluated by the Kaplan-Meier life-table method and the logrank test. Tumor number was evaluated by the chi-squared test of association, and tumor multiplicity was evaluated by the Mantel-Haenszel chi-squared test. All statistical tests were two-tailed. As the level of psyllium relative to that of wheat bran increased, the total tumor number and multiplicity of mammary adenocarcinomas in rats decreased as a statistically significant linear trend across groups 1-5 (P < .05). Compared with the group given wheat bran alone, the group given the 1:1 (wheat bran:psyllium) combination had maximum protection against mammary tumorigenesis, while the groups given the 4:1 or 2:1 (wheat bran:psyllium) combination or psyllium alone had intermediate protection. No statistically significant differences in circulating estrogens or urinary estrogen excretion patterns were observed among the five experimental groups. Fecal estrogen excretion, however, decreased with increasing levels of psyllium (P < .01), and cecal beta-D-glucuronidase activity exhibited a decreasing trend with respect to the increasing psyllium content of the diet across groups 1-5 (P < .01). The addition of a 4%:4% mixture of an insoluble (wheat bran) fiber and a soluble (psyllium) fiber to a high-fat diet provided the maximum tumor-inhibiting effects in this mammary tumor model. Although increasing levels of dietary psyllium were associated with decreased cecal bacterial beta-D-glucuronidase activity, these changes were not reflected in decreased circulating levels of tumor-promoting estrogens. Therefore, the mechanism(s) by which mixtures of soluble and insoluble dietary fibers protect against mammary tumorigenesis remains to be clarified.